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ANALOG 
DEVICES 



Monolithic Thermocouple Amplifiers 
with Cold Junction Compensation 



AD594VAD595* 



FEATURES 

Pretrimmed for Type J IA0S94) or 
Type K (AD59S) Thermocouples 
Can Be Used with Type T Thermocouple biptits 
Low Impedence VoMage Output: 10riV/°C 
BuHt-in Ice Point Cotnpensetion 
Wide Power Sivply Range: -t-SV to ±15V 
Low Power: <1niW typical 
Tlwrntacotiple Failure Alarm 
Laser Wefer Trimmad to 1°C CaHbration Accuracy 
Set-Point Mode (^lenrtion 
Setf-Contained Celsiua Thermometer Operation 
High Impedance Differential input 
Side-Brazed DIP or Low Cost Cerdip 
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mODVCT DESCRnaiON 

The AD594/ADS95 is a complete insinimcntalion amplifier and 
(hennocouple cold junction compensator oo a monolithic chip. 
It combines an ice point reference with a precalibrated amptlificr 
to produce a high level (IOmV/°C) output directly from a ther- 
mocouple Mgnal. Pin-strapping options allow it to be used as a 
linear amplifier-compensaior or as a switched output set-point 
controller using cither fixed or remote set-pcHni control. It can 
be used to amplify its compensation voltage directly, thereby 
convening it to a stand-alone Celsius transducer with a low-im- 
pedance voltage output, 

The ADS94/AD595 includes a thermocouple failure alarm that 
indicates if one or both thermocouple leads become open- The 
alarm output has a flexible format which includes TTL drive 
capability. 

The AD594/AD595 can be powered from a single ended supply 
(including + 5V) and by including a negative supply, temperatures 
below 0°C can be measured. To minimize self-heating, an unloaded 
AD594/AD595 will typically operate with a toul supply current 
uf 160|i.A, bot is also capable of delivering in excess of ± 5mA 
to a load. 

The AD594 is precalibrated by laser wafer trimming to match 
the characteristic of type J (iron-constaman) thermocouples and 
the AD595 is laser trimmed for type K (chromel-alumel) inputs. 
The temperature transducer voltages atui gain control txnsistors 
arc available at the package pins so that the circuit can be re- 
calibrated for other thermocouple types by the addition of two 
or three resistors. These terminals als» allow more precise cali- 
bration for both thermocouple and thermometer applications. 



The AD594/AD595 is available in two perfonnancc grades. The 
C ami the A versions have calibration accuracies of i: I °C and 
± 3°C, respectively. Both are designed to be used from to 
+ 50°C, and are available in 14-pin, hermetically seated, side- 
brazed ceramic DlPs as well as low cost cerdip packages. 

PRODUCT HIGHUGHTS 

1. The AD594/AD595 provides cold junction compensation, 
ampiificaiion, and an output buffer in a single IC pacluige. 

2. Compensation, zero, and scale factor are all precalibrated by 
laser wafer trimming (LWT) of each IC chip. 

3. Flexible pin-out provides fur operation as a set -point controller 
or a stand-alone temperature transducer calibrated in degrees 
Celsius. 

4. Operation at remote appiicaiion sites is facilitated by low 
quiescent current and a wide supply voltage range of + SV to 
dual supplies spanning 30V. 

5. Differential input rejects common-mode noise voltage on the 
thermocouple leads. 



•PniMctnt bf U.S. PiMm No. 4,029.974. 
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AD594/AD595-SPECIFICATI0N$ 
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-NOTES 

'CaLibfaied W iKUuniuiii rutu a) <-2^X uiungx ^brmmcintpfr srrakiviiy qf M.7 liVTC. Silu.T» ] IVT* ihentuxoui^i: (kviUK tVtm rhit stnighr Ittw spprMunuition. the ^0^4 will nivmally nrvi B.) niV 
wbtn The nwanuiDg iunciian is Ji OX. Thr AD39^ wiU HQuUrly read 2.7 aiV gi 0^. 

'IViiMd as Uwr $jope of rJw line connecitn^ the AD594/AD591 wrort aicwuxd vt Oft; xsd W^^ ambicat icniperaiuiF. 
*Pui 8 shotted w Pin 9. 

*C.^mui ^udt CjipaMuy in liagW iupply conngumiuii rt Itmiicd k> cunrni drawn lo p-ound itirau^ > Ml m>UM ni »utpui vdii^ below 2. S V, 
— V(, (Dui DtH CKcerd 16-5 Y. 

''For outlioe mtormahDn see Packigc InfiormiiKm iietfitai. 

Specificfltiom ikiawn tn bddbcf wt iwied on aU productFon unirt at TiihI ricctrtt»( t«h. Resists from those tms in iwnJ to cakubir oui^inn tfualky fevds. 
All mifl u)d mn ^waiicitioiff ait luimiecd, altbouih miy ihcne siknro ia boldlkx art imcd on all fviNlunian units. 
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Table I. Output Voltage vs. Thvtmocoupie Temperature (Ambient i-2S°C. Vs - -SV, + 1SV) 



INTERPRETING ADS94/AOS95 OUTPUT VOLTAGES 

To Khieve a temperature pfoportknuJ output of 10inV/°C ami 
accuntdy compensate for the refcFence junction over the rated 
opetatLog range of the ctrcuit, the AD594/ADS9S is gain ttinuned 
to match tlie cnnsfer characteristic of J and K type thermocouples 
at 2S°C. For a type J output in this tenq)eiatuie nt^c the TC is 
5) .70»iV/T, while for a type K ii is 40Mp.\JX.. The i«sultin« 
gain for the AD594 is 193.4 (.lOtaVIX, divided by 5 IJiiVrC) 
and for the AD595 is 247.3 {IOmV/°C divided «.44u.V/*C). 
In addiiioa, an absotute accuracy trim induces an input offset to 
the output amplifier characteristic of 16|jiV for the ADS94 and 
1 1m.V for the AD$95. This oifset arises because the AD594/ADS9S 
is trimmed for a 2S0mV output while applying a 2S°C thennocouple 
input. 

Because a ihennocoi^iie output voltage is nonlinear with respect 
to temperature, and the AD594/AD59S lineariy amplifies the 
compeaaatcd signal, the foiknring transfer fimctm» should be 
used to deiermiae the actual output voltages: 

ADS94 output = (Type J Voltage + 16ttV) x 193.4 



AD595 output = (Type K Voltage + ll)iV) x 247.3 
or conversely: 

Type J volcage » (ADS94 output / 193.4) - ISiiV 

Type K vdtage = (AD5W output / 247.3) - 1 lnV 

Table I above lists the ideal ADS94/A0595 output voltages as a 
function of Celsius temperature for type J and K ANSI standard 
thermocouples, with the package and reference junctitn at 2S°C. 
As is normally the case, diese outputs are subject to calibratvm, 
gain and tempetature sensitivity ernws. Output values for inter- 
mediate tempentutes can be interpolated, or calculated using 
the output equaiioi» and ANSI tbennocoupie voltage laUes 
referred to zero degrees Celsius. Due to a slight variation in 
alloy cooteni between ANSI type J and DIN FE-CUNI ther- 
mocoupks Table I diould not be used in conjunction with Euro- 
pean standard thermocouples. Instead the transfer functkm 
given pievimisly and a DIN thenm)coi4>lc uUc should be used. 
ANSI type K and DIN NiCk-NI ttennocotqiles ate conqxsed 
of identical alloys and exhibit similar behavior. The upper tem- 
perature limits in Table I oe those recommended fior type J and 
type K thetmocaiiq>lcs by the majority of vendors. 
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SINGLE AND DUAL SUmV CONNECTIONS 

The AD594/AD59S k a cooipleiely setf-cmttiiKd tbennocoupie 
condiwner. Unng a singfe SV supply the intetcomectkms 
sfaonn in Figure 1 wiU provide a diiect ootput from a type J 
thcrmocoupie (AD$94) or type K thermocouple (AD59S> meas- 
uring rrom to ■)- 300°C. 



COWSTANTAN 




COMMON 

figure f . Basic Connection, Single Supply Operation 

Any convenient supply voltage frran -t- SV to + 30V may be 
used, with self-heating mon being minimized at lower supply 
levels. In the single suf^y coofiguraikMi the 5V supfdy connects 
to pin II widi the V- connection at pin 7 stn{q)ed to power 
and signal common at pin 4. The thermocouple wire inputs 
connect to pins I and 14 either directly from the measuring 
point or through intervening coimections of similar thermocouple 
wire type. When the aUnn output at pin I J is not used it should 
be connected to common or - V. The precalibrated feedback 
network at pin 8 is tied to the output at pin 9 to provide a 
IOmV/°C nominal temperature transfer characteristic. 

By using a wider cangii^ dual supply, as shown in Figtire 2, the 
AD594/AD595 can be interlaced to thermocouples measiuing 
both negative and extended positive temperatures. 
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Figure 2 Dual Supply Operation 

With a negative suj^ly the output can indicate negative temper- 
atures and drive grounded loads or loads returned to positive 
voltages. Increasing the positive supply from 5V to ISV extends 
the output voltage range well beyond the 75(rC temperature 
limit recimimended for type J thetmocoupics (AD594) and the 
1250°C for type K thermocouples (AD595). 

Omunon-mode voltages cm the thermocouple inputs must remain 
within the common-mode range of the ADS94/AD59S, with a 
return path provided for the bias currents. If the thermocouple 
is not remotdy gtounded, then the dotted line connectkms in 



Figures 1 and 2 are recommended. A resistor may be needed in 
this conneaion to assure that common mode voltages induced in 
the theimocouple loop are not converted to mMrmal mode. 

THEBMOCOUPLE CONNECTIONS 

The isothermal terminating connectiMis of a pair of themocouple 
wires forms an effective refemice jimction. This junction mu« 
be at the same temperature as the ADS94/AD595 fot the 
inlcrui coU juncokm caoqxnsation to be e£kctive. 

A method that ptondes for thermal eqnilibriwn is the printed 
circuit boaid connection Uyout illustrated in Figure 3. 




Figure 3. PCB Connections 

Here the AD$94/ADS95 package temperature and circuit board 
are thermally contacted in the copper printed circuit board 
tracks under pins I and 14. The reference junctioa is nowconq>oscd 
of a copper-oonstantan (orcoppcr-alumel) connectioa and copper- 
iron (or coppcr-cbromd) conoecticm, both of which are at the 
same tunperature as the ADS94/AD595. 

The printed dicuit board layout shown also provides for pbcemem 
of optional alarm load resistors, recalibration resistors and a 
cnapensatiDn capacitor to limit bandwidth. 

To ensure secure bonding the thermocouple wire should be 
cleaned to remove oxidation prior to soldering. Noncorrosive 
rosin flux is effective with iron, cotistantan, chromel and alumel 
and the folkiwing solder?: 95% tin-5% antimony, 95% tin-5% 
silver or 90% tin-10% lead. 

FUNCTIONAL DESCRIPTION 

The ADS94 behaves hke two differential amplifiers. The outputs 
arc summed and used to control a high-gain amplificT, as shown 
in Figure 4, 
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Figure 4. AD594'AD595 Block Diagram 

In normal operation the main amjirii&r output, at pin 9, is 
connected to the feedback network, at (an 8. Thermocouple 
sigiutis applied to the floating input stage, at pins 1 and 14, are 
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unpiificd by gain G of the difTerential unplifier and are then 
further amplified by gain A io (he main ampUfier. The output 
of the main amplifier is fed back to a second differential stage in 
tn invertii^ connection. The feedback signal is amplified by 
this Bta^ and is abo api^ied to the main ain|dificr input through 
a summing dtcuit. Because of the inversioa, the amplifwr causes 
the feedback to be driven to reduce this diffcmice signal to a 
small value. The two diflferential amplifiers are maite to match 
and have identical gains, G. As a tewth, the feedback signaJ that 
must be applied to the ri^t-hand differential ampliCer will 
predseiy match the thernKKOupIc input signal when the difference 
signal has been red need lo zero. The feedback network is trimmed 
so that the eficctivc gain to the output, at pins % and 9, results 
in a vt4iage of lOmV/Kl of tfacmracouple excitation. 

In addition to the feedback signal, a cold juoctirai compensation 
voltage is applied to the right-hand differential ampUfter. The 
compensation is a differential voltage ptoporaonal to the Celsius 
lemperature of the AD594/ADS9S. This signal disturbs the 
differential input so that the amplifier output must adjust to 
restore the input to equal the applkd thennocou^ vdtage. 

The compensatioA is apiriied through the gain scaling tcnstors 
so dwt in effea on the main output is also lOmV/Y^. As a result, 
the compcnsatioa voltage adds to the effect of the thermocouple 
voltage a siginl directly pn^xmional lo the difference between 
0°C and the ADS94/AD$9S temperature. If the thermocouple 
reference junction is maintained at the ADS94/ADS95 tempera- 
ture, the output of the ADS94/AD59S will correspond to tlw 
reading that would have been obtained from am(dificatioo of a 
signal from a thermocoupir referenced to an ice bath. 

The AD594/AD595 also inchides an itqnit open dmiit detector 
that switches on an alarm tnnsbtM. This tiaiuistar is actually a 
current-limited output buffer, but can be used up to the limit as 
a switch transistor for either pull-up or pull-down operation of 
extern^ alarms. 

The ice point compensation network has voltages available with 
positive and negative temperature coefficients. These voltages 
may be used with euemal resisiws to modify die ice point 
compensation and recalibrate the ADS94/AD59S as described in 
the next column. 

The feedback resistor is separately pinned out so that its value 
can be padded with a series resistor, <x repbced with an enemal 
resistor between pins 5 and 9. Extenul availability of the feedback 
resistor allows gain to be adjusted, and also permits the AD594/ 
AD595 to operate in a switching mode for set-point operation. 

CAUTIONS: 

The temperature compensation terminals ( -fC and - C) at pins 
I and 6 are provided to supply small caUbiation currents only. 
The AD594^ADS9$ nuy be permanently damaged if they are 
grounded or connected to a low inutedance. 

The AD594/AD59S is internally frequency compensated ba 
feedback ratios (corresponding to normal signal gain) of 75 or 
more. If a tower gain is desired, additional frequency compensation 
should be added in the form of a 300pF capacitor from pin 10 
to the output at pin 9. As shown in Figure 3 an additional O.OIiiF 
capacitor between pins 10 and 1 1 is recommended. 
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figure 5. Low Gain Frequency Compensation 

RECAUBRATION nUNOHLES AND UiMUTATIONS 

The ice point compensation nctwofk the AI>S94'AI>S95 
produces a diffeiential signal which is zero at VC and corrcqmnds 
to the output of an ice lefeienced thennocoiqfe at the teropcratuie 
of the chip. The positive TC output of the circuit it proportional 
to Kelvin temperature and appears as a voltage at -^T. it is 
possible to decreue this sigml by ktading it with a icsiator from 
■t-T to COM, or increase it with a puB-up resistor from -f T to 
ibc Uu:gcr positive TC voltage at -f C. Note that adiustments to 
t T slwuld be made by measuring the voltage which tracks it at 
-T. Toavcnd destabilizing the feedback amplifiet die measuring 
iitsirument should be isdated by a few thousand ohms in series 
with the kad connected to -T. 




Figure 6. Decreased Sensitivity Adjustment 

Changing the positive TC half of the differennal output of the 
compensation scheme shifts the zero point away fttMn 0°C. The 
zero can be restored by adjusting the current flow into the negative 
input of the feedback amplifier, the -T pin. A current into this 
terminal can be produced with a reststor between -C and -T 
to bafauKx an increase in -t-T, or a restsuH' from -T to COM to 
offset a decrease in -t-T, 

If the compensation is adjusted substantially to accommodate a 
different thermocouple type, its effect on the fmal output voltage 
will increase or decrease in ptoporti<»i. To restore the nominal 
output to 10mV/°C the gain may be adjusted to match the new 
compensation and thermocouple input characteristics. When 
reducing the compensation the resistance between - T and 
COM auttmiaticaUy increases the gain to within 0.5% of the 
correct vahie. If a smaller gain is required, however, the nominal 
47kn internal feedback re»stw can be paialteled or replaced 
with an cnental icsistor. 

Fine calibration adjustments wrill require temperature retqionse 
measurements of individual devices to assute acctiracy. Mqor 
reconfigurations for other thermocouple types can be achieved 
without seriously compromising initial calibtatioa accuracy, so 
long as the ptowdure is done at a fixed temperature using the 
factory cahbration as a reference. It should be noted that inter- 
mediate recalibration conditions may requite the use of a negative 
sun>ly. An example using a type E thennocouple and an AD594 
is given on the next page. 
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AD594/AD595 

EXAMH^: TYPE E RECALIBEATION - AOS94/A0595 

Both the ADS94 and ADS95 can be configured to condition the 
output of a type E (chromel-constaman) ihennocouple. Temper* 
aturc chaiacteristics of type E thennocoupies differ leas from 
type J, than from type K, therefore the ADS94 is preferred for 
recalibratioD. 

While maintaining the device at a constant temperatuie follow 
the recaUbfation steps given here. First, measure the device 
temperature by tying both inputs to common (or a selected 
common mode potential) and cranecting FB to Vo- The ADS94 
is now in the stand alone Celsius thermometer mode. For this 
example assume the ambient is 24°C and the initial output Vo is 
240mV. Check the output at Vo to verify that it corresponds to 
the temperature of the device, 

Next, measure the voltage - T at pin S with a high impedance 
DVM (capacitance should be isolated by a few thousand ohms 
of resisunce at the measured terminals). At 24°C the -T voluge 
will be about 8.3mV. To adjust the compensation of an ADS94 
to a type E thermocouple a resistor, Rl , should be connected 
between +T and -hC, pins 2 and i, to raise the voltage at -T 
by iIk ratio erf' thermocouple sensitivities. The ratio for converting 
a type J device to a type E characteristic is: 

r(AD594) =(60.9jiV/°C)/(5l.7nV/°C)= 1.18 

Thus, multiply the initial voltage measured at -T by r and 
experimentally determine the Rl value required to raise - T to 
that level. For the example the new -T voltage should be 
about 9.8mV. The resistance value should be approximately 

\.mi. 

The zero differential point must now be shifted back to 0°C. 
This is accomplished by muhiplying the original output voltage 
Vq by r and adjusting the measured output voixage to this value 
by experimentally adding a resistor, R2, between -C and -T, 
pins S and 6. The target output value b this case should be 
about 283mV. The resistance value of R2 should be approximately 
240kil. 

Finally, the gain must be recalibrated such that the output Vq 
indicates the device's temperature once again. Do this by adding 
a diird resistor, R3, between FB and - T, pins 8 and 5. Vo 
should now be back to the initial 240mV reading. The resistance 
value o( R3 diouid be approximately 280kfl. The final connection 
diagram is shown in FigUK 7. An approximate verification of 
the effectiveness of recalibration is to measure the differential 
gain to the output. For type E it should be 164.2. 




Figure 7. Type £ Recalibration 



When imptementing a similar recalibration procedure for the 
ADS95 the values fw Rl, R2, R3 and r wUl be q^mnimately 
6S0O, 84kn, 93kn and l.Sl, teqMctivdy. P«wcr ccnsumpdon 
will iocreate by about 50% when uang the AD595 with type E 
inputs. 

Note that during this procedure it is crucial to maintain the 
ADS94/ADS9S at a stable temperature because it is used as the 
temperature reference. Contact with fingers at any took not at 
amtnent tcmperatiue will quickly produce errors. Radiaoonal 
heating from a change in luting or aiqmnch of a soldering 
iron must also be guarded against. 

USING TYPE T THEKMOOMJPLES WITH THE ADS95 

Because of the similarity of thermal EMFs in the to SQfC 
range between type K and type T thermocouples, the ADS95 
can be directly used with both types of inputs. Within thb 
ambient temperature range the ADS95 should exhibit no more 
than an additional 0.2X output calibration error when used 
with type T inputs. The error arises because the ice point com- 
pensator is trimmed to type K chwacteristics at 25°C. To calculate 
the ADS9S output values over the recommended - 200 to 350% 
range for type T thermocouples, simply use the ANSI ther- 
mocouple voltages referred to 0°C and the output equation given 
on page 3 for the AD595. Because of the relatively large non- 
linearities associated with type T thermocoij|to the output will 
deviate widely from die nomiial lOmV/X). However, cold junction 
compensation over the rated to 50X ambient will remain 
accurate. 

STABILITY OVER TEMPERATURE 

Each ADS94/ADS95 is tested for error over temperature with 
the measuriiqe thermocouple at 0°C. The combined elTects of 
cold jimction compensation error, amplifier offset drift and gain 
error determine the stability of the ADS94^ADS95 output over 
the rated ambient temperature tai^c. Figure 8 shows an AD594/ 
AD595 drift error envelope. The slope of this figure has units of 
°C/°C. 




Figure 8. Drift Error vs. Temperature 



THERMAL ENVIRONMENT EFFECTS 
The inherent km power dissipatkw of the ADS94/AD595 and 
the tow thermal resistance of the package make self-beating 
errors abnost negligible. For example, in still air the chip to 
ambient thermal resistance is about SOXVwatt (for the D package). 
At the nominal dissipation of 800ti.W the self-heating in free ^r 
is less than 0.065°C. Submerged in fluorinert liquid (unstirred) 
the thermal resistance is about 40°Owan, resulting in a self-heating 
error of about 0.032°C. 
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SET-POINT CONimOLLER 

The AD594/AD595 can readily be coooecttd as a sct-pcnnt 
costroUer as shown in Figure 9. 




TEMrtRATUItC 

OUT 



AOtK I ^ 



Figure 9. Set-Point Controller 

Tbe thennocouple is used to setae the unknown temperature 
md provide a tlicmnl EMF to the input of the AD$94/AD59S. 
The signal is coid junctim compcosated, unpliiied to IOinV/°C 
ind compaied to an external set-point voltage applied by the 
user to the feedback at pin 8. Table I lists the corre^xnidence 
between set-point voltage and temperature, accounting for the 
nonlinearity of the measurement thennocouple. If the set-pomt 
temperature range is within the operating range ( - ii°C to 
+ 12SX:) of the AD594/ADS95, the chip can be used as the 
transducer for the circuit by shorting the inputs together and 
utilizing the nominal calibration of 10m V/X. This is the centigrade 
thermometer conftguratioo as shown in Figure 13. 

In qjeration if the set-point voltage is above the voltage corres- 
ponding to (he temperature being measured the output swings 
low to approximately zero volts. Conversely, when the temperature 
rises above the set-point voltage the output switches to the 
positive limit of about 4 volts with a + SV supply. Figure 9 
shows the set-point comparator configuration cinnplctc with a 
heater element driver circuit being controlled by the ADS94/ 
AD595 toggled output. Hysteiesig can be introduced by injecting 
a current into the positive input of the feedback amtdifier when 
the output is xo^td high. With an ADS94 about 200nA into 
the + T terminal provides 1°C of hysteresis. When using a 
single 5V supply with an ADS94, a ZOMft resistor from Vq to 
+ T will sun>ly die 200nA of current when the output is forced 
high (about 4V). To widen the hysteresis band decrease the 
resistance connected from Vo to + T. 

ALAKM CIRCUIT 

In ail applicatiMis of the AD594/ADS9S the - ALM connection, 
pin 13, should be ctmstcained so chat it is not more positive 
than (V-(-) - 4V. This can be most easily achieved by connecting 
pin 13 to either common atpin4orV-atpin7. For most 
applications that use the alarm signal, pin 13 will be grounded 
and the signal wiU be taken from + ALM on pin 12. A typical 
api^ication is shown in Figure 10. 

In this configuration tbe alarm transistor will be olT in normal 
operation and the 20k pull up will cause the -t-ALM output on 
pin 12 to go high. If one or both of the thcnDocoujdc leads are 
interrupted, the -t- ALM pin will be driven low. As shown in 
Figure 10 this signal is compatible with the input of a TTL gate 
which can be usnl as a buffer and/or inverter. 
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Figure 10. Using the Alarm to Drive a TTL Gate 
("Grounded" Emitter Configuration) 

Since the alarm is a ht|^ level output it may be used to directly 
drive an LED or other indicator as shown in Figure II. 




Figure 1 1. Alarm Directly Drives LED 

A 270fl series resistor will limit current in the LED to 10mA, 
but may be omitted since the alarm output transistor is current 
limited at about 20mA. The nwisistor, however, will operate in 
a high dissipation mode and dK tempetatutt of the circuit will 
rise well above amlnent. Note that the cold junction compensation 
will be affected whenever the alarm circuit is activated. The 
time required for the chip to return to ambient tempciature will 
depend on the power dissipation of the aUnn circuit, the nature 
of the thermal path to the environment and the tiaam duration. 

The alarm can be used with both single and dual supplies. It 
can be operated above or below ground. The cdlector and emitter 
of the output transistor can be used in any normal switch con- 
figutwon. As 80 example a negative referenced kwd can be 
driven froio - ALM as shown in Figure 12. 

The collector ( + ALM) should not be aUowed to become more 
positive than (V-) +36V, however, it may be permitted to be 
more positive than V + . The emitter vohage (-ALM) sbouki 
be constrained so that it does not become more positive than 4 
volts below the V-H applied to the circuit. 

Additionally, the AD594/AD59S can be omfigured to produce 
an extreme upscale or downscale output in applications where 
an extra signal line for an alarm is inappropriate. By tying either 
of the thermocoupie inputs to common ntost ttinaway control 
conditions can be automatically avoided. A -t- IN to ccmmiDn 
coimection creates a downscale output if the thermocouple opens, 
while connecting -IN to cotmnon provides an upscale output. 
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Figure 1Z -ALM Driving A Negative Referenced Load 
CELSIUS THERMOMETER 

The ADS94/AD59S may be configuKd as a suiul-ilone Celsius 
thennonKter as shown in FiBUie 13. 
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Figure 13. AD594/AD59S as a Stand-Alone Celsius 
Thermometer 

Simply omit tbe ihennocouplc and coiuiect the inputs (pins I 
and 14) to cominoo. The output now will reikct tbe con^)eiisation 
voltage and hence will indicste tbe ADS94/AD595 tanperature 
with a scale faaor of IOfflV/°C. In this three terminal, volume 
output, temperature sensing mode, the AD5SK/AD595 will 
operate over the full military - 55°C to + 125°C tempenmre 
range. 

THEXMOCOUFLE BASICS 

Theimocouptes are ecoiMnnical and rugged; they have rea«oiiabiy 
good loag-ierm stability. Because of their small size, they respond 
quickly and are good choices where fast response is important. 
They functicm over temperature ranges from cryogenics to jet- 
engine exhaust and have reasonable linearity and accuracy. 

Because the number of free electrons in a piece of metal depends 
on both lempenture and composition of the metal, («o pieces 
of dissimilar metal in isotbcnnal contaa will exhibit a potential 
difference that is a repeatable function of temperature, as shown 
in Figtire 14. The resulting voltage depends on the temperaiiu«s, 
Tl and T2, in a repeauble way. 

Since the thermocouple is basically a differential rather than 
absoltne measuring device, a known reference temperature is 
required fm one of the jiuctions if the temperature of the other 
is to be inferred from the output voltage. ThemNOMiptes made 
of specially selected materials have been exhaustively characterized 
in terms of voltage versus tenqjeratute compared to primary 
temperature standards. Most notably the water-ice poim of (TC 
is used for ubies of standaid tbermocoupie performance. 
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Figure 14. Thermocouple Voltage with O'C Ueference 

An alternative measurement technique, illustrated in Figure 15, 
is used in most tactical applicatioas where accuracy requirements 
do not warrant maintenance of primary standards. The reference 
yunctimi temperaraie is allowed to change with the envitoomcnt 




Figure 1$. Substitution of Measured Reference 
Temperature for Ice Point Reference 

of the measutttnent system, but it is carefully measured by 
some type of absolute themioiiieter. A meanircment of the 
thermocouple vok^ combined with a knowledge of the reference 
temperature can be used to calculate the measurement function 
temperature. Usual practice, however, is to use a convenient 
thennoekctric method to measure the reference temperature 
and to mvagt its output voltage so that it corresponds to a 
thermocouple referred to 0°C. This voltage is simply added to 
tbe thermocouple voltap atxl the sum then corresponds to 
the standard voltage ubulated for an ice-pmnt referenced 
thermocouple. 

The temperature sensitivity of silicon interned circtiit transistors 
is quite predictable and repeatable. This sensitivity is expk>ited 
in the A0594/AD595 to produce a temperature related ^tage 
to compensate the reference or "cold" iunction of a thermocouple 
as shown in F^ure 16. 




Figure 16. Connecting Isothermal Junctions 

Since the compensation is at the reference junction temperature, 
it is often convenient to form the reference "junction" by coo- 
necting directly to the circuit wiring. So long as these connectioas 
and the compensaxion are at the same temperature no error will 
result. 



